Nineteen triorganotins were studied for their long term effects against the second instar larval stages of Anopheles stephensi, a mosquito that is a vector for human malaria. In the residual activity studies, the most effective compound was triphenyltin chloride, which was effective for 10 weeks. The residual toxicities of the triorganotins were comparable or better than the residual effects of some commonly used larvicides. The compound that showed the highest delayed effect was also triphenyltin chloride where pupation did not occur until the tenth week at which time 33% of the larvae pupated with a 75% emergence rate. In the studies on the adult female mosquitoes, the fluoro derivatives were the most effective. It was further observed that the anion group attached to the tin atom played a significant role in the toxicity of the compounds in the adult studies.
INTRODUCTION
It is well documented that triorganotincompounds (RjSnX) have a wide range of biocidal activities and the toxicity is species specific. For example, trimethyltin compounds have a high toxicity towards insects and mammals.
1 "' Changing the organic group to butyl results in compounds that are highly toxic towards grampositive bacteria, fish, fungi and mollusks.' "' Due to their effectivenessas fungicides, there are numerousstudies of triorganotins as agrochemicals. 4 " The impetus forinsecticidal evaluation of organotin compounds is also primarily related to their role as agrochemicals.
Mosquitoes are by far the most important blood sucking arthropods worldwide. They are responsible for the transmission of diseases to humans such as malaria and yellow fever. Malaria is one of the most widespread infectious diseases in the world. More than 40% of the world's population lives in tropical areas where they are at risk for malaria transmission. Approximately 400 million people are infected each year, with an estimated I -2 million deaths per year, primarily among children under five years of age. 7 Mosquitoes in the genus Anopheles are responsible for the transmission of malaria. Because the use of insecticides remains the primary method of most countries' mosquito control programs, the development of a more effective larvicide/insecticide to combat the Anopheles mosquito would be of worldwide interest. Triorganotins. as a class, have been found to be effective larvicides against the Anopheles stephensi mosquito when compared to some synthetic larvicides. 8 To evaluate the total effectivenessoftriorganotinsas possible larvicides/insecticides, residual activity and delayed effect studies were conducted since these studies would give an indication of the long term effectiveness of the compounds Delayed effects and residual activities of 19 triorganotins are reported herein. Also reported are adult mosquito contact studies for the triorganotins.
MATERIALS AND METHODS Preparation of the test compounds
All the triorganotincompounds wereobtained commercially and used without further purification. The triorganotin stock solutions, which ranged from 25 -1000 parts per million (ppm), were prepared by dissolving the compound of interest in either acetone, dimethylsulfoxide(DMSO) or 95% ethanol. The dissolution of the triorganotins in the organic media was to facilitate the dispersion of the compounds in water. The acetone and DMSO was spectrograde quality while the 95% ethanol was reagent grade.
Anopheles stephensi
Mosquito larvae and adult mosquitoes were obtained from the laboratory of Dr. Daniel Strickman, Chief, Entomology Department at the Walter Reed Army Institute of Research, Washington, DC. All mosquito and larvae were maintained in an environment chamber at 27 -28 °C with a humidity of 80 -90%. Adult mosquitoes were maintained on a 10% sucrose solution and growing larvae were fed finely ground dog food.
Residual activity studies
Twenty-five larvae were used in each experiment to test the residual effects of the triorganotin compounds. The larvae were placed in 200 mL of the triorganotin solution of interest at a concentration that represented the LC50 value. After 24 h of exposure, the mortality of larvae was determined by visual counting.
Larvae that showed a slight reflex to disturbance were considered alive. The larvae were then removed and the triorganotin test solutions were then saved and used in later weeks. The effectiveness of the solutions was determined by the number of weeks for which mortality was obtainable. Both positive (solvent and deionized water) and negative (deionized water) controls were used. The larvae that survived the 24 h exposure were then used for the delayed studies.
Delayed effect studies
Larvae that survived the initial residual activity studies were gently washed in de ionized water for 30-60 seconds, and then re-introduced into growth trays containing dog food. The larvae were monitored daily until all the larvae either died or pupated. Once pupation occurred, an emergence rate was calculated based on the number of larvae that pupated. The emergence rate is defined as the number of adults that emerged divided by the number of larvae that pupated times 100. The control assay consisted of placing larvae into growth trays containing dog food. The controls had a 100% pupation rate.
Adult toxicity studies
The adult studies were conducted in paper containers. Chromatographypaperwas cut to the dimensions of the test container (9 cm diameter, 9 cm height). The paper-cuts for each container were soaked in 15 mL of the triorganotin solution with the desired concentration. The paper was then dried in an oven at 30-40°C and then used to line the test container completely. Twenty anesthetized mosquitoes were placed into each container. The mosquitoes were anesthetized by placing them in a refrigerator for approximately 15 s. Both negative (chromatography paper alone) and positive (acetone soaked chromatographypaper) controls were used. Each test was done in triplicate. The mortality of the insects due to contact with the compound-laden chromatography paper was determined after 24 h. The criterion for mortality was lack of response to probing. Any movement was construed as survival. The results were analyzed using the Reed-Muench method.
1 " 0 The Reed-Muench analysis consists of two graphs. The first graph consists of two curves obtained by plotting the number of accumulated deaths and the number of accumulated survivors on two different vertical axes against the log concentration of the toxicant. The intersection of the two curves gives the LC50 value. The LC50 value was confirmed by a second graph, which consists of a plot of the percent mortality against the log concentration of toxicant. The LC50 values obtained using either plot is expected to be identical.
RESULTS AND DISCUSSION Residual activity studies
The residual activity of a compound is a measure of its effectiveness once it is released into the environment. The results in Table I show that the most effective compound was triphenyltin chloride with a residual activity of 10 weeks. This is followed by triphenyltin hydroxide and tributyltin chloride, both with a residual activity of 9 weeks. For the control assay, pupation occurred within a week. The observation that the triphenyl derivative was the most effective is in agreement with Kumar Das et al. 11 who reported that the triphenyltins were the most effective compounds against the Aedes aegypti mosquito in their residual studies. Both triphenyl-and tributyltin compounds have been shown to degrade in the environment to an inorganic tin which is non-toxic.
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This characteristic is quite desirable since an ideal larvicide should exist long enough to complete its intended purpose and then degrade to harmless products. In general, a short duration of action (compounds whose efficacy lasted four weeks or less) was observed for the triorganotin compounds. This indicates that they may be used as potential short-termed larvicides. Concentrated larvae control in a relatively short period of time has been achieved by petroleum-based larvicides. 13 This method of using larvicides has been found to be the most effective and economic way for controlling larvae in areas where Anopheles breeding is restricted.'' Restricted breeding sites in most tropical areas are limited to parts of the dry season 14 or when peak populations of adults are produced. 15 Furthermore, the residual toxicities of several ofthe triorganotins in the present study were comparable or better than the reported residualeffectsof some commonly used insecticides such as Dursban® and Abate® against Aedes triseriatus in scrap tires.
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Delayed effect studies
In the delayed studies, the larvae that survived the 24 h exposure to the triorganotin compounds in the residual activity studies were monitored for pupation and emergence activity ( Table I ). The compound with the highest delayed activity is triphenyltin chloride followed by triphenyltin hydroxide. Pupation in triphenyltin chloride solutions did not occur until the solution from the tenth week (residual study) was used. Only 75% of the pupated larvae emerged into adult mosquitoes using PhbSnCl. Tributyltin chloride, on the other hand, has approximately the same effectiveness in the residual studies but its delayed activity was not as effective. Table I also indicated that in all cases where pupation occurred, the pupation rate was less than 100%.
An interesting observation was the effect of the "short-termed residual compounds" on pupation and subsequent emerging activities. Though these compounds were less effective in the residual activity studies, they still prevented the pupation and the subsequent emergence of adult mosquitoes. Results from both the residual and delayed studies indicated that triorganotins can be considered potential larvicides against the Anopheles stephensi larvae, especially since there has not been any reported resistance of this species of mosquitoes to triorganotins. , 0% Ph = phenyl; Bu = η-butyl; Cy = cyclohexyl; Me = methyl; NP = no pupation was observed; Residual activity indicates that at least one larva died during the 24 h exposure to the triorganotin test solution during that week; Pupation rates are for the week when pupation first occurred of the larvae that were subjected to the first 24 h exposure to the triorganotin test solution in the residual activity test; Emergence rates are based on the number of larvae that pupated flying/twitching 17.5 ± 2.4 Cy = cyclohexyl; Ph = phenyl; Bu = η-butyl; Me = methyl
Adult toxicity studies
The LCso values (expressed in ppm) at 24 h and their standard deviations for the triorganotin compounds tested on the adult mosquitoes using a contact method are given in Table II . Comparisons of the compounds are shown in Table III . Based on the average LC50 values ofthe compounds studied, a general order was obtainable: Me > Bu > Ph > Cy. These results are similar to those reported by Saxena and Crowe. 17 Their study indicated that the adult An. stephensi were most tolerant to tricyclohexy Itin hydroxide (Cy 3 SnOH) and the tributyltins being the most effective. The activity of the phenyl compounds were bracketed between these two classes of triorganotins. Also, lower alkyls (C r C 4 ) tend to be more toxic than triorganotins containing aryl groups. 17 This general trend in toxicity is reflected in our data. The most effective compounds in our study are the fluoro derivatives with LC50 values ranging from 1.86 to 2.34 ppm. Tributyltin fluoride is one ofthe more commonly used triorganotins in controlled-release mosquito larvicides. 18 Interestingly, an order based on the average values for the anions was also obtainable. The observed order is: F > Br > OAc > OH > CI. For the present studies on the adult female mosquitoes, it appears that the anionic group attached to the tin atom plays a significant role in their toxicity. It is generally accepted that the X group in R 3 SnX compounds does not play a major role in the biological activity of triorganotins. However, Kuthubutheen et. al'' has reported that the X group in a series of tributyl-and triphenyltins had a significant role in the fungitoxicity of these compounds. They attributed this dependence to the ability of the X group in transporting the biocide to the active sites. A limited order based on the anion X group was reported by Nguyen et. al in their studies involving triorganotins and the Aedes aegypti larvae. 20 Ahmad et. α/' also reported that the anionic X group had a significant influence on the activities for a series of triphenyltins against the diamondbackmoth, Plutella xylostella. However, this influence was only marginal in the case of the tricyclohexyltins. 
